The flavonoid and furocoumarin composition was investigated of peel and pulp tissues of unripe fruits of Citrus myrtifolia Rafinesque, an ingredient of the popular soft drink "chinotto". Compound separation and identification was made using an HPLC-PDA detector coupled to ESI/MS/MS in positive and negative mode. Eighteen compounds (3-hydroxy-3-methylglutaryl-, C-and O-glycosyl flavonoids, furocoumarins and polymethoxylated flavones) were identified and quantified. Data indicated that the overall amount of flavonoids and furocoumarins in peel was higher than in the pulp, even though their relative distribution did not significantly change, apart from a different distribution of flavones and a lower content of naringin in the peel.
Over the past few years, increasing attention has been paid by consumers to the nutritional aspects of products containing significant amounts of biologically active components. Nowadays, many studies are carried out on the thousands of natural phytochemicals that may have important physiological effects [1] . Scientific data demonstrated that an increased consumption of fruit and vegetables may protect against degenerative pathologies such as cancer and atherosclerosis [2] . Epidemiological studies have shown an inverse relationship between dietary flavonoids intake and cardiovascular diseases [3] . Many citrus flavonoids have been shown to have antioxidative activity to inhibit angiogenesis and to slow down cancer cell migration and proliferation [4, 5] . Among the phytochemicals, flavonoids are widely contained in Citrus fruits [3] .
Recently our research group has studied the unripe fruits of Citrus myrtifolia Rafinesque in terms of bioactive compounds and antioxidant activity; results indicated that it is a good source of phytochemicals, mainly vitamin C and flavonoids [6] . Citrus myrtifolia is a taxon of Citrus with foliage similar to that of the common myrtle. It is a compact tree with small leaves and no thorns which grows to a height of three meters and can be found in Malta and in the Liguria, Tuscany, Sicily, and Calabria regions of Italy. The fruit of the tree resemble small oranges. They are either sour or bitter and are commonly called by their Italian name, chinotto. They are an essential flavoring agent of most Italian amari, of the popular Campari aperitif, and of several brands of carbonated soft drinks that are generically called "chinotto". Native of southern China, its origin has not been exactly ascertained; probably it is a mutation of sour orange that eventually evolved into the species known today [7] . The scientific literature about C. myrtifolia [8, 9] is related prevalently to the juice and no information is available about bioactive compounds quantitation and distribution in the whole fruit. Interest in the Italian citrus industry for chinotto production could be increased by studies on its composition.
The aim of the present work was to elucidate by HPLC/PDA/ESI/MS-MS the identity and relative distribution of flavonoids and furocoumarins in pulp and peel tissues of unripe C. myrtifolia used for industrial beverage purposes. Figure 1 shows the PDA chromatograms of unripe C. myrtifolia pulp and peel at different λ allowing for the discrimination of flavanone, furocoumarin and flavone derivatives. All peaks identified were numbered from 1 to 18. The UV spectra, recorded in correspondence with peaks 1, 2, 3, 7 and 9 showed absorptions at 270 and 350 nm (peaks 1, 3 and 9) and 270 and 335 nm (peaks 2 and 7), which can be attributed to bands II (due to the A ring benzoyl system) and I (associated with absorption due to The MS/MS spectra recorded in positive and negative mode in correspondence with the studied peaks and comparison with analytical standards and literature data, when available, permitted the unambiguous structural assignment for all compounds (Figures 2, 3 and 4) , which were quantified separately in pulp and peel ( Table 1) . 
for 1, 2 and 3, respectively) were in agreement with their nominal masses. The product ions showed the characteristic loss of 120 amu, ascribable to the fragment mass of C-glucosyl flavonoids. These flavones were recently detected in chinotto juice [9, 10] and in taxonomically close Citrus juices, such as bergamot and sour orange [11] [12] [13] . Peak 7 was assigned to the flavone-O-glycoside rhoifolin, as confirmed by the molecular fragmentation pattern, which showed the precursor ion at 579 m/z and the loss of an O-diglycoside fragment mass at 273 m/z. Compound 9 was identified as a diosmetin aglycone O-linked with saccharide substituents; the MS/MS fragmentation pattern indicated the loss of a rhamnose unit ([M+H-146] + ) and a further loss of a glucose unit ([M+H-308] + ), revealing that the substituent is a rhamnose-glucose disaccharide. Coelution with a standard allowed us to assign to this peak the structure of neodiosmin (7-O-neohesperidosil diosmetin) . Neodiosmin presence in Citrus was earlier reported by Gattuso et al. in Citrus bergamia Risso juice [12] .
All flavanone compounds showed the characteristic loss of 308 amu, corresponding to the O-diglycoside breakage. Moreover, two 3-hydroxy-3-methylglutaric acid conjugates of neohesperidin and naringin, namely, brutieridin and melitidin were identified as peaks 10 and 11, respectively. The positive and negative ESI/MS showed a [M + H] + ion at m/z 725 and 755 and a [M -H]ion at m/z 723 and 753, which corresponded to the elemental composition of melitidin and brutieridin, respectively. A detailed analysis by tandem mass spectrometry showed highly diagnostic fragment ions: the loss of 3-hydroxy-3-methylglutaryl moiety was confirmed by the positive daughter ion at m/z 273 for melitidin, and at m/z 303 for brutieridin. These data are in agreement with those reported by Barreca et al. [9] and Scordino et al. [10] for chinotto juice.
Finally, the present paper reported the occurrence of polymethoxylated flavones (PMFs) ( Figure 2 ) in C. myrtifolia (peaks [15] [16] [17] [18] . PMFs are a class of minor components usually found in the essential oil fraction of citrus peels [14] . Mass spectra generated in positive mode showed [M+H] + ions at m/z 403, 373 and 433, wellmatched in fragmentation, in UV-vis spectra and retention times with data reported by Scordino et al. [15] . The parent ions [M+H] + were further fragmented and the breakage of methyl and methoxy groups were in agreement with the loss of 15 and 30 amu. Compounds 15 to 18 were identified as sinensetin, nobiletin, heptametoxyflavone and tangeretin, respectively. Quantitative evaluation: Naringin and neohesperidin are the flavanone-O-glycosides found in the highest amounts in chinotto fruit (Table 1) , ranging from about 200 to 175 mg/100 g in the pulp and from about 347 to 472 mg/100 g in the peel, respectively. Eriocitrin (6.9 mg/100 g) and poncirin (5.6 mg/100 g) were detected only in pulp, while neoericitrin was found in both analyzed matrixes in significant quantity (58.9 and 131.5 mg/100 g in pulp and peel, respectively). The two 3-hydroxy-3-methylglutaryl flavanone glycosides melitidin and brutieridin were found to be present in large amounts ( the two furocoumarins bergapten and epoxybergamottin in the peel (25.1 mg/100 g) was two times that of the pulp (12.0 mg/100 g). A small but distinctive amount of polymethoxylated flavones (16.4 mg/100 g), among which nobiletin predominated, was detected in the peel; the same components were detectable in traces in the peel. It is well known that polyphenolic contents are usually higher in peels [3] , therefore it is not surprising that the total amount of flavonoids and furocoumarins in the peel (1235 mg/100 g) was more than two times higher than that of the pulp (519 mg/100 g). The flavonoid contents were also determined in all samples by the method indicated by the Association of the Industry of Juices and Nectars (AIJN) using the colorimetric Davis method; data obtained were about 423.7 mg/100 g and 736.4 mg/100 g for the pulp and the peel, respectively. Taking into account the relative distribution of the different classes discussed above in the two tissues ( Figure 5 ), no major changes could be observed between the pulp and the peel contribution to the total polyphenolics apart from some differences in the relative distribution of the flavones, and in the naringin amounts, which predominated in the pulp.
In conclusion, our results elucidated the distribution of flavonoids and furocoumarins in C. myrtifolia peel and pulp. The HPLC/PDA/ESI/MS-MS technique allowed the identification and relative quantification of 18 compounds, among which many compounds have been detected for the first time in C. myrtifolia. Nowadays these aspects are considered to be highly valuable for the commercial valorization of chinotto as a citrus with high potential as a nutraceutical source. 1860 Natural Product Communications Vol. 6 (12) 2011
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Plant materials:
Fruits used in this study were grown in Castiglione di Sicilia (Catania, Italy). Immature Citrus myrtifolia (chinotto) fruits were picked in October 2010 with the degree of fruit maturity determined from the Hunter colour parameters, mean diameter, total soluble solids, titratable acidity and pH ( Table 2) . Samples for analysis were prepared from 25 fruits; pulp and peel tissues were separated and analyzed individually. Peels and pulps represented 55% and 38% of the studied sample, while the remaining part was constituted by seeds. The samples were stored at -20°C until needed for the study.
Extraction and analysis of flavonoids and furocoumarins: Five g of sample was extracted for 2 h with 10 mL of 50% aqueous methanol containing 0.3% formic acid at room temperature on an orbital shaker. The mixture was centrifuged at 1000 rpm for 15 min and the supernatant decanted. The pellets were re-extracted under identical conditions. Supernatants were combined and used for the LC analyses, after filtration through 0.45µm PTFE filters (LabService Analytica, Bologna, Italy). The juice was analyzed before centrifugation and filtration through 0.45 µm PTFE filters. The analyses were performed with a liquid chromatograph consisting of a Finnigan Surveyor MS-pump, autosampler and photodiode-array detector (PDA), coupled with a Finnigan LCQ DECA XP MAX detector (Thermo Fisher Scientific). The analytical column was a Luna C18 250 x 4.6 mm, 5 µm i.d. (Phenomenex), the flow rate was 1 mL/min, the column temperature 30°C and the injection volume 20 µL. Flow rate was split 1/10 before MS interface. A binary gradient of 0.3% formic acid in water (A) and 0.3% formic acid in acetonitrile (B) was employed. The mobile phase gradient was programmed as follows: 0 min, 5% B; 50 min, 28% B; 60 min, 43% B; 60-65 min, 43% B; 70-80 min, 5% B. The range of wavelengths examined by the photodiode-array detector was 190-700 nm, and for quantitative determinations the chromatograms were recorded at 285 nm (flavanones), 310 nm (furocoumarins), 335 nm (polymethoxylated flavones) and 340 nm (flavones). Mass spectral analyses were performed using a LCQ ion-trap mass operating in negative and positive ion mode using an ion spray LC/MS interface. The electrospray ionization (ESI) needle voltage was 4.0 kV. The capillary voltage was 18V and the heated capillary was 250°C. A sheath gas flow rate of 36 (arbitrary units) was used and the auxiliary gas was set to 12 (arbitrary units). The MS-MS spectra were obtained using collision energy of 25% of instrument maximum, operating in selected reaction monitoring (SRM). Preliminary positive and negative tunings were carried out with continuous introduction of dilute solutions of sinensetin and naringin, respectively, at a flow rate of 5 µL/min and the voltages on the lenses were optimized in TunePlus (Excalibur software).
The chinotto polyphenolics were characterized in terms of retention times, lambda max, MS and MS/MS data operating in positive and negative mode as follows: 
